Objectives-To assess the diagnostic yield, sampling errors, risks, and therapeutic implications of right ventricular endomyocardial biopsy in children with suspected or possible myocarditis. Design-Retrospective study. Setting-Tertiary referral centre for paediatric cardiology, cardiac surgery, heart transplantation, and mechanical circulatory support. Patients and methods-Review of clinical and histological findings among 63 consecutive children with possible myocarditis undergoing right ventricular endomyocardial biopsy. Review of cardiac histology at subsequent necropsy or after explantation at time of transplantation.
with a history of less than six weeks duration) had biopsy proved myocarditis. Five of the eight children made a full recovery, including fottr who presented in cardiogenic shock. By contrast, only three of 33 children without evidence of myocarditis showed recovery of ventricular function.
The whole heart was available for histological exmnation in 23 patients. Myocarditis was confirmed in one patient, and no evidence of myocarditis was found in the remaining 22 (all with negative biopsies). One procedure related death occurred in a 2 week old infant with dilated cardiomyopathy. In 22 cases, biopsy was performed for the evaluation of arrhythmia. Only one biopsy showed myocarditis. Conclusions-The diagnostic yield of a biopsy is low in children with arrhythmias. In children presenting with profound ventricular dysfunction, a diagnosis of acute myocarditis may avoid premature consideration of transplantation as this group has an important potential for full recovery. In less critically ill patients and in those with a longer duration of symptoms.-the justification for biopsy is not as clear and the procedure is not without risk.
(Br Heart 7 1994;72:360-363)
Myocarditis remains a histological diagnosis. The diagnostic yield and safety of endomyocardial biopsy in adults with cardiomyopathy has been well defined in large patient groups.' 2 Experience with endomyocardial biopsy in the assessment of myocarditis in children is far less extensive.3-7 In addition, sampling error has rarely been assessed in the paediatric age group as few hearts have subsequently been available for histological examination. We have therefore reviewed more than a decade of experience of right ventricular endomyocardial-biopsy in children with possible myocarditis, with the aims of assessing procedural safety, diagnostic yield, sampling errors, and therapeutic implications.
PATIENTS AND METHODS
We retrospectively reviewed data on all patients undergoing an endomyocardial biopsy from January 1980 to December 1992 at our institution. Patients were included in this review if a principal aim of the biopsy was to establish or refute a diagnosis of myocarditis. Thus patients with hypertrophic or restrictive cardiomyopathies were excluded, as were patients undergoing biopsy for the evaluation of rejection after heart transplantation.
Patients fell into two distinct clinical groups: those with unexplained ventricular dysfunction and those with arrhythmias (usually ventricular), but a structurally normal heart. All but two of the patients with ventricular dysfunction presented with cardiac failure. One child presented with fever and a newborn infant was initially considered to have persistent pulmonary hypertension. Ventricular function was moderately or severely impaired at presentation (median shortening fraction 12%; range 0-22%). Four patients presented in cardiogenic shock and one of these children sustained cardiac arrest shortly after admission to hospital. Biopsies were performed using a femoral or right internal jugular venous approach and four to seven biopsy specimens were obtained for each patient. All There were 41 children with cardiomyopathy (24 boys), with a mean age of 7 years (range 2 weeks to 18 years, mendian: 7-2 years). Time from onset of symptoms to biopsy varied widely (1 day to 150 months), but was short in most patients (median one month; interquartile range 0 4-3 3 months). Eight (20%) of these children were diagnosed histologically as having definite myocarditis. If biopsy had been limited to those with a history of less than six weeks (24 patients), all eight patients with myocarditis would have been identified (diagnostic yield 33%). The shortening fraction at presentation among the eight children with myocarditis ranged from zero (undetectable ventricular shortening) to 17% (median 9%). All four patients presenting in cardiogenic shock had histological evidence of active myocarditis.
One child showed a spontaneous and full recovery of ventricular function associated with evidence of healed myocarditis on early follow up biopsy. A second child showed continued deterioration in ventricular function with evidence of ongoing myocarditis on a second biopsy. He underwent successful orthotopic transplantation within a month of presentation, without previous immunosuppressive treatment. The remaining six children with myocarditis (including the four presenting in cardiogenic shock) received immunosuppressive treatment with corticosteroids alone or corticosteroids with cyclosporine. Four of the six had serial endomyocardial biopsies (total 10 follow up biopsies) during and after the end of immunosuppressive treatment. At the time of the last biopsy, two had evidence of healed myocarditis, one of resolving myocarditis and one of ongoing myocarditis ( Twenty two children underwent a biopsy for the evaluation of arrhythmia (ventricular tachycardia, 18; ectopic atrial tachycardia, two; atrial flutter with ventricular ectopy, one; and acute onset complete heart block, one). Their mean age was 10-5 years (range 0-7-18 years; median 12-3) and the time from the onset of symptoms to biopsy was 0-72 months (median 0 7 months, interquartile range 0-25-2 months). Minor histological abnormalities were common, occurring in 17 of the 22 patients. These abnormalities included myocyte or myocyte nuclear hypertrophy (10 patients), increased interstitial fibrosis (five patients), and interstitial oedema (four patients). One child with ventricular tachycardia had unusually small myocytes with a paucity of cytoplasm compared with the nuclear content. Only one child (with acute onset atrial ectopic tachycardia) had active myocarditis. Follow up biopsy after 10 weeks of corticosteroid treatment showed ongoing (though less severe) myocarditis, with the patient in persistent ectopic tachycardia.
HISTOLOGY AND OUTCOME
The whole heart was available for examination in 24 of the 63 patients (38%). This was obtained at the time of transplantation in 20 patients and at necropsy in four. Twenty three of these patients presented with dilated cardiomyopathy and one with ventricular tachycardia. The time between biopsy and examination of the whole heart ranged from one day to 2-6 years, but was generally fairly short (median 2-4 months, interquartile range 0-4-6-0 months). Only one of these patients had myocarditis diagnosed on endomyocardial biopsy and this was confirmed at the time of explantation of the heart six weeks later. Among the 23 remaining patients, none had histological features of myocarditis when the whole heart was subsequently examined. None of these patients had received immunosuppressive treatment between the time of biopsy and death or transplantation. . This has led to further doubts about the role of routine endomyocardial biopsy in patients with suspected or possible myocarditis.'0 Our observations confirm the rare nature of myocarditis in children. We identified only nine biopsy proved cases over a 13 year period in a large paediatric cardiology referral centre with active transplantation and mechanical circulatory support programmes. We have identified only five additional patients over the study period in whom myocarditis was diagnosed at necropsy or during examination of an explanted heart, but in whom endomyocardial biopsy had not been performed. Our diagnostic yield of biopsy in patients with cardiomyopathy was approximately 200/a, which is higher than that in two large adult studies (Mason J, unpublished data).' This might represent a chance effect because of our relatively small sample size, an unusual patient group, or possibly a difference between paediatric and adult populations. Our data also show that limiting biopsy to patients with a short duration of symptoms will significantly increase this diagnostic yield. The diagnostic yield in our series increased to 33% when biopsy was performed in patients with a history of less than six weeks. No cases of myocarditis were identified when the history exceeded this period.
Our one procedural related death in a 2 week old infant confirms that biopsy is not without hazard, and this may be particularly true in the newborn period, when the right ventricle is relatively thin.
Previous studies in children have been unable to assess sampling error as few hearts have been subsequently examined at necropsy or explantation. Although there is an inevitable delay between the time of biopsy and whole heart examination, our data suggest that sampling error (that is, false negative biopsies) is probably rare in children, if adequate numbers of samples are obtained (usually four to six for each patient). We cannot rule out the possibility, however, of false negative biopsies with subsequent healing of myocarditis by the time of subsequent histological examination of the whole heart. False negative biopsies (that is, undiagnosed myocarditis) might explain the recovery of three of the 33 patients considered to have idiopathic dilated cardiomyopathy.
On whom should we perform a biopsy?
We would concur with the editorial comments of Davies and Ward'0 that a biopsy for the purpose of histological diagnosis is no longer routinely justified. 
